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Objectives: this study was undertaken to determine the late survival of patients operated successfully for abdominal
aortic aneurysm (AAA) repair, to compare survival data with that of the age- and sex-matched general population, to
identify the causes of late death, and to determine the factors influencing late survival.
Materials and methods: a total of 187 consecutive patients underwent elective surgical AAA repair between January
1987 and December 1991. There were 11 postoperative deaths (early mortality rate 5.9%). The remaining 176 patients
formed the basis of this cohort-based retrospective study. Six patients (3.4%) were lost to follow-up. Mean follow-up was
71 months.
Results: a total of 70 patients (39.8%) died during the study period. Coronary artery disease (CAD) and cancer were
the two main causes. The survival rate at five years (71.6%) was lower than that of the sex- and age-matched general
population (90.6%). Neither arterial hypertension nor CAD had any influence on late survival. In contrast, age and
chronic renal failure were predictive variables of late survival.
Conclusions: the life expectancy of patients who undergo successful AAA repair is not as good as that of the age- and
sex-matched general population. Late survival depends on the patients’ age at the time of surgery and the existence of
preoperative chronic renal failure.
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Introduction Patients and Methods
Records for 187 consecutive patients who underwentThe incidence of abdominal aortic aneurysm (AAA) is
elective AAA repair at our institution from Januaryincreasing; in particular in the elderly.1 These patients
1987 to December 1991 were analysed. The mean ageoften have several pathologies, which can make the
of these 176 men and 11 women was 70 years (rangedecision to operate difficult: the risk of rupture, the
50–86). The endpoint was late survival after non-risk of surgery, and the anticipated benefit of surgery
ruptured aneurysm repair. Eleven perioperativein terms of long-term survival must all be taken into
deaths occurred, corresponding to an early mortalityconsideration. No consensus currently exists on the
rate of 5.9%. The remaining 176 patients (166 men, 10life expectancy of patients who undergo AAA repair
women) constituted the retrospective cohort of thiscompared to that of the general population. Certain
study. Follow-up was as complete as possible and wasauthors consider life expectancy comparable; others5–7
current at the time of analysis. Patients were examinedreport shorter life expectancies for patients who have
four weeks after surgery, then six months post-undergone AAA repair.
operatively. After this, they were seen once a yearThis study was designed to determine the late sur-
until December 1996. When patients failed to come tovival (after 5 and 10 years) of patients who successfully
their follow-up visit, their private physician or familyundergo AAA repair, to compare it to that of the
were contacted by telephone. Mean follow-up wasgeneral population, to identify the causes of late deaths
71+20 months (median 70 months, range 39–109in these patients, and to determine the factors in-
months). Six patients (3.4%) were lost to follow-up.fluencing late survival. The data presented in this
These figures are comparable to those in otherstudy concern long-term observation of up to 10 years.
studies.4,5
In 136 patients (77%), the AAA was asymptomatic,
and was discovered fortuitously by abdominal palp-
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ation or during a complementary examination. TheVasculaire, Hoˆpital Saint-Roch, 5 rue Pierre De´voluy, BP 319, 06006
Nice Cedex, France. AAA was symptomatic in 40 patients (23%); pain
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Table 1. Causes of late death.had prompted discovery in 38 cases, one patient had
thrombosis of the AAA and another had venous com- Number % deaths
pression of the iliocaval confluence. For those patients
Cancer 21 30who died in the hospital, the cause of death was
Cardiac event 21 30determined by post-mortem examination. For those Ruptured aneurysm* 5 7.1
Stroke 4 5.7patients who died at home, the cause of death was
Other known causes 9 12.9determined from the clinical and paraclinical context
Unknown causes 10 14.3(terminal stage of a known cancer, coronary artery
* Iliac internal aneurysm and thoracic aneurysm.disease (CAD), stroke, or rupture of a known iliac or
thoracic aneurysm). When the cause of death was
were compared by the log-rank test (5% risk). Variablesuncertain, the patient was classed in the “unknown”
analysed for their influence on late survival were agecategory.
at the time of surgery, the presence or absence ofPrior to surgical AAA repair, all patients were ex-
preoperative CAD, arterial hypertension, chronic renalamined by a cardiologist. Detailed clinical examination
failure, and COPD. Cox regression analysis was usedconsisted of clinical history (history of angina, con-
to assess the association between variables and thegestive heart failure, diabetes mellitus, prior myo-
survival rate. Variables were considered significant atcardial infarction), an electrocardiogram and an
p<0.05. Overall survival of the patients was comparedechocardiogram, with evaluation of the systolic ejec-
to that of a fictive age- and sex-matched populationtion fraction:
to which national life expectancy data were applied.
if no evidence of CAD was found, the patient was These data were obtained from the lifetables published
operated on without any additional cardiac in- by the French National Institute of Demographic Stud-
vestigations; ies for the period 1988–1990.8 Statistics were computed
with the STATA 4.0 software package (STATA Corp.,in case of CAD, thallium scintigraphy with di-
College Station Texas, U.S.A.).pyramidole and/or coronarography were per-
formed.
A total of 54 patients had CAD. One of them had
Resultsunstable angina and two had recently had a myocardial
infarction; AAA was repaired 3 months after coronary
Overall, 70 of the 176 patients (39.8%) died duringrevascularisation (one by coronary angioplasty, two
follow-up. The causes of death are listed in Table 1.by aortocoronary bypass). The remaining 51 patients
Death rates from cardiac causes and from cancer wereunderwent AAA repair with perioperative and later
equivalent. Bronchopulmonary (seven cases) and di-medical management of their CAD. During the study
gestive cancers (six cases) predominated. Laryngealperiod, only one patient was denied surgery because
the AAA was small and the operative risk was con-
sidered prohibitive. A number of patients had as-
sociated pathologies: 69 (39.2%) had hypertension
(requiring antihypertensive treatment) or blood pres-
sure over 165/90 mmHg, 11 (6.2%) were diabetic, 24
(13.6%) had hypercholesterolaemia, 133 were current
smokers (75.6%), 41 (23.3%) presented chronic ob-
structive pulmonary disease (COPD), 36 (20.4%) had
chronic renal failure (serum creatinine level over
150 lmol/l), and 73 (41.5%) had peripheral arterial
disease.
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Fig. 1. Actuarial results for all 176 cases of non-ruptured abdominaltimated by the actuarial method. The 95% confidence
aortic aneurysm with 95% Greenwood confidence interval. Com-interval for cumulative probabilities of survival was parison of survival of patients after elective AAA repair with an
age- and sex-matched population.determined according to Greenwood. Survival curves
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Table 2. Preoperative individual variables associated or not with 5-year and 9-year survival.
Actuarial Actuarial Overall Estimated
% 5-year % 9-year statistical relative risk
survival survival significance with Cl 95%
Age (yr)
<65 81.5 49.9 2.1
>65 68.2 37.2 p=0.036 [1.1; 3.8]
Arterial hypertension
No 78.8 36.9 1.3
Yes 59.9 47.6 NS [0.8; 2.2]
CAD
No 71.8 44.6 1.1
Yes 71.2 23.9 NS [0.7; 1.9]
Chronic renal failure
No 75.7 39 2
Yes 55.4 32.3 p=0.011 [1.2; 3.5]
COPD
No 70.9 37.1 0.9
Yes 74.2 43.5 NS [0.5; 1.6]
CAD=coronary artery disease; COPD=chronic obstructive pulmonary disease.
NS=non-significant.
cancer (three cases), urologic cancer (three cases), and no; 1, yes). Using this model, the coefficients were
bage=0.409, bchronic renal failure=0.645, long–likelihoodhaemopathies (two cases) accounted for the remaining
ratio=-318.43, and p=0.003.cases. Figure 1 illustrates overall results. The survival
rate was 95.5–1.6% at one year, 88.1–2.4% at two
years, 71.6–3.5% at five years, and 38.1–8.6% at nine
years. Fig. 1 compares the survival rate of patients Discussion
undergoing elective repair of a non-ruptured an-
eurysm with age- and sex-matched data for the French The estimated actuarial survival rate at five years was
population. The 5-year survival rate (71.6%, CI 95% 71.6%, which is comparable to that of other recent
[64.1–77.8]) and the 9-year survival rate (38.1%, CI series (Table 3). This study revealed that the survival
95% [21.8–54.2]) of patients with AAA are significantly of patients who underwent AAA repair was shorter
shorter than those of the normal population (re- than that of the age- and sex-matched general popu-
spectively 90.6% and 84.9%, p=0.001). Patients with lation (Fig. 1). Our study conditions minimised se-
vascular disease are known to have various life-threat- lection bias, because all patients belonged to a stable
ening comorbidities. Their life expectancy is thus gen- population residing in a well-defined geographic area
erally shorter than that of the control population. The that forms the basis of recruitment at our institute. In
risk of death from vascular disease remained high addition, the percentage of patients lost to follow-
throughout the entire observation period (Fig. 1). up was low (3.4%). Comparable results have been
Table 2 lists the individual preoperative variables reported in various literature series.2,6,10,13 Studies from
that were tested by actuarial analysis to determine the Mayo Clinic,2 Rohrer et al.,3 and Stonebridge et al.,4
their potential influence on late survival. Late survival in contrast, report survival rates for patients who
was correlated with patient age at the time of surgery successfully underwent AAA repair similar to that of
and the presence or absence of chronic renal failure; it a control population. However, these series appear to
was independent of the existence or not of preoperative include a bias in recruitment. For example, the patients
CAD or arterial hypertension. Cox regression analysis from the Mayo Clinic were not a geographically homo-
revealed that age and chronic renal failure were sig- geneous group.5 Similarly, in the series by Rohrer,
nificant predictors of late results. Codes used for the the fact that a single surgeon performed all of the
variables were as follows: age (1, age less than 65 operations limited the inclusion of all patients re-
years; 2, age between 65 and 75 years; 3, age over quiring AAA surgery. Finally, the report by Stone-
75 years), preoperative CAD (0, no; 1, yes), arterial bridge et al. provides no information about patient age
hypertension (0. blood pressure <165/90 mmHg; 1, or preoperative risk factors.
blood pressure >165/90 mmHg), chronic renal failure Stroke was an infrequent cause of late death in our
series (5.7%). Comparable results have been reported(0, creatinine <150 lmol/l, 1,>150 lmol/l) COPD (0,
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Table 3. Late survival after abdominal aortic aneurysm repair in major recent literature series.
Preoperative risk factors
Mean age
at surgery Coronary artery Arterial Survival
Reference No. patients Study period (years) disease % hypertension % at 5 yr %
Riegel2 499 1980–85 70 51 61 74
Hertzer9 204 1978–82 68 52 41 72
White10 96 1972–84 69 33 – 61
Roger5 131 1971–87 – 36 47 <60
Vohra11 153 1981–86 – 30 22 60
Johnston12 666 1986 69.2 44.7 51.4 67.7
This study 176 1987–91 69.8 30.7 39.2 71.6
Table 4. Causes of late death in major literature series.
Mean age Mean age
Reference Cadiac (%) Cancer (%) Unknown (%) at surgery (yr) at death (yr)
Hicks16 41 23 25 67 –
Hertzer6 41 14 12 66 68
Crawford14 35 9 22 66 70
Hollier13 22 14 18 68 (median) –
Hertzer9 24 10 20 68 –
White10 ++ ++ – 69 –
Roger5 26 12 – – –
Vohra11 35 12 – – –
This study 30 30 14.3 69.7 75.2
++, high frequency; –, not specified.
in the literature.5,9,13,14 CAD and cancer were the two CAD and arterial hypertension, the two main as-
sociated pathologies in the literature, did not influencemain causes of late death (Table 1), in contrast to other
literature series where cardiac causes predominated. the late survival of our patients (Table 2). All previous
studies of survival in large populations have indicatedThe results of these earlier series must be interpreted
with caution because they included a bias: that CAD and hypertension have a significant negative
influence on survival,5,9,14,15 yet this was not true in ourthe percentage of deaths of unknown cause was
high, whereas in our series it was one of the lowest; study. Our sample size may have been too small to
demonstrate the difference, or follow-up may not havepatients were younger at surgery and at death than
in our series (Table 4). been long enough. The number of patients in our
study is comparable to those in earlier series (Table 3)Can analysis of the causes of late death lead to de-
velopment of preventive measures? The higher fre- and our follow-up period (mean 70 months) was one
of the longest. The definition or identification of hyper-quency of cancer (especially bronchopulmonary,
laryngeal and digestive cancers) as a cause of late tension or CAD in our patients may have been in-
accurate or incomplete. We considered preoperativedeath requires attentive surveillance of patients who
undergo AAA repair. Prevention of deaths due to hypertension to be a risk factor when blood pressure
was over 165/90 mmHg or when hypertension re-CAD after treatment for AAA has prompted numerous
studies. The wide indications for coronarography and quired antihypertensive treatment. Detection of
patients with CAD has been performed at our institutecoronary bypass before AAA repair in the study by
Hertzer9 improved the late survival of patients at the for many years. Screening for CAD is similar to cur-
rently accepted protocols.17–19 Whether or not it permitscost of higher overall operative mortality (coronary
bypass+AAA), but this was not a controlled study. detection of all stenoses in the coronary vessels, screen-
ing has proven sufficiently sensitive and specific forIn our series and those of other authors,5,13 where
the indications for coronarography were selective and cardiac assessment prior to conventional open an-
eurysm surgery.20 Our results are comparable to thosecoronary bypass/angioplasty were infrequent (1.5%–
9%), late mortality of cardiac origin was comparable in recent series:2,11 preoperative CAD and arterial
hypertension do not influence late survival. Asto that in the series of Hertzer (Table 4). In all cases,
postoperative surveillance remains essential for CAD demonstrated, this is primarily attributable to better
medical management of CAD and hypertension.21–25patients who undergo AAA repair.
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